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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


Inventor(s) 
Serial No. 
Filed 
For 


Friedrich PRINZHAUSEN et al. 

To Be Assigned 

Herewith 

INTERFEROMETRIC MEASURING DEVICE 


Examiner : To Be Assigned 

Art Unit To Be Assigned 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT AND 
37 C.F.R. § 1.125 SUBSTITUTE SPECIFICATION STATEMENT 

S I R: 

Kindly amend the above-captioned application before examination, as 

set forth below. 


IN THE SPECIFICATION AND ABSTRACT: 

In accordance with 37 C.F.R. § 1.121(b)(3), a Substitute Specification 
(including the Abstract, but without claims) accompanies this response. It is 
respectfully requested that the Substitute Specification (including Abstract) be 
entered to replace the Specification of record. 


IN THE CLAIMS: 

On the first page of the claims, first line, change "What is claimed is:" 

to 


-WHAT IS CLAIMED IS:-. 


application. 
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Please cancel, without prejudice, claims 1 to 14 in the underlying PCT 
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Please add the following new claims: 

15. (New) An interferometric measuring device for measuring a shape of a 
surface of an object, comprising: 

a radiation source that emits a short-coherent radiation; 

a beam splitter for forming an object beam which is directed via an 
object light path to the object, and a reference beam which is directed via a 
reference light path to a reflective reference plane; 

an image converter for detecting a radiation reflected back by the 
surface and the reference plane and brought to interference, and for transmitting the 
radiation; 

an analyzing device for receiving the radiation transmitted from the 
image converter and for determining a measuring result pertaining to the surface, 
wherein an optical length of the object light path is altered relative to an optical 
length of the reference light path to perform a measurement; and 

a superposition optics positioned in the object light path and including 
one of multifocal optics and a free segment optics having imaging elements, the 
superposition optics creating an image simultaneously other than of the surface, of 
at least one additional surface, the image of the at least one additional surface and 
the image of the surface being imaged on the image converter one of directly and 
via at least one intermediate image in the object light path, wherein a measurement 
of the surface and a measurement of the at least one additional surface occurs 
accompanied by a relative change in the optical length of the object light path as 
compared to the optical length of the reference light path. 

16. (New) The interferometric measuring device according to claim 15, wherein the 
free segment optics accommodates the surface and the at least one additional 
surface orientated at an angle to each other. 
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17. (New) The interferometric measuring device according to claim 15, wherein the 
object light path generates a common intermediate image of the surface and an 
intermediate image of the at least one additional surface in a common intermediate 
image plane in the object light path, and the common intermediate image is imaged 
one of directly on the image converter and via the at least one intermediate image. 

18. (New) The interferometric measuring device according to claim 17, wherein a 
scanning of the common intermediate image is performed. 

19. (New) The interferometric measuring device according to claim 15, further 
comprising: 

an endoscope serving as the object light path. 

20. (New) The interferometric measuring device according to claim 15, further 
comprising one of: 

an optical fiber for illuminating the object with a planar wave and including an 
output situated at an object end in a telectric image arrangement of the object light 
path; and 

an illumination light path formed with additional lenses and deflector 
elements. 

21 . (New) The interferometric measuring device according to claim 15, further 
comprising: 

optics positioned in the reference light path similar to those of the object light 

path. 
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22. (New) The interferometric measuring device according to claim 15. further 
comprising: 

optics positioned in the reference light path identical to those of the object 
light path. 

23. (New) The interferometric measuring device according to claim 15, further 
comprising: 

an optics rigid with respect to the object positioned in the object light path; 

and 

an optics following the rigid optics and being movable in a direction of an 
optical axis thereof. 

24. (New) The interferometric measuring device according to claim 23, wherein the 
rigid optics are part of the superposition optics. 

25. (New) The interferometric measuring device according to claim 24, wherein the 
rigid optics image toward infinity. 

26. (New) An interferometric measuring device for measuring a shape of a surface 
of an object, comprising: 

a radiation source that emits a short-coherent radiation; 

a beam splitter for forming an object beam which is directed via an 
object light path to the object, and a reference beam which is directed via a 
reference light path to a reflective reference plane; 

an image converter for detecting a radiation reflected back by the 
surface and the reference plane and brought to interference, and for transmitting the 
radiation; 

an analyzing device for receiving the radiation transmitted from the 
image converter and for determining a measuring result pertaining to the surface 
wherein an optical length of the object light path is altered relative to an optical 
length of the reference light path to perform a measurement; and 
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an imaging optics arranged in the object light path and for providing a 
depth of focus of at least an optical path difference of the surface and another 
surface, the imaging optics simultaneously creating an image other than that 
of the surface, of at least one further parallel surface arranged one of in front 
of, behind, configured at an angle and at right angles via optical deflecting 
elements, the image of the at least one further parallel surface being imaged 
on the image converter via at least one intermediate image in the object light 
path, a measurement of the surface and of the at least one further parallel 
surface occurring through a relative change in the optical length of the object 
light path, as compared to the optical length of the reference light path. 

27. (New) The interferometric measuring device according to claim 26, wherein the 
object light path generates a common intermediate image of the surface and an 
intermediate image of the at least one additional surface in a common intermediate 
image plane in the object light path, and the common intermediate image is imaged 
one of directly on the image converter and via the at least one intermediate image. 

28. (New) The interferometric measuring device according to claim 26, wherein a 
scanning of the common intermediate image is performed. 

29. (New) The interferometric measuring device according to claim 26, further 
comprising: 

an endoscope serving as the object light path. 
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30. (New) The interferometric measuring device according to claim 26, further 
comprising one of: 

an optical fiber for illuminating the object with a planar wave and including an 
output situated at an object and in a telectric image arrangement of the object light 
path; and 

an illumination light path formed with additional lenses and deflector 
elements. 

31. (New) The interferometric measuring device according to claim 26, further 
comprising: 

optics positioned in the reference light path similar to those of the object light 

path. 

32. (New) The interferometric measuring device according to claim 26, further 
comprising: 

optics positioned in the reference light path identical to those of the object 
light path. 

33. (New) The interferometric measuring device according to claim 26, further 
comprising: 

an optics rigid with respect to the object positioned in the object light path to 
form a rigid optics; and 

an optics following the rigid optics and being movable in a direction of an 
optical axis thereof. 

34. (New) The interferometric measuring device according to claim 33, wherein the 
rigid optics are part of a superposition optics. 

35. (New) The interferometric measuring device according to claim 34, wherein the 
rigid optics image toward infinity. 
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36. (New) The interferometric measuring device according to claim 33, wherein the 
rigid optics is configured as a superposition optics to produce one intermediate 
image rigid with respect to the object, and 

an objective optics arranged as a movable optics positioned to follow in the 
optical path behind the rigid intermediate image and formed on the image converter 
movable in a direction of an optical axis of the image converter in a depth direction 
and the objective optics further arranged to at least one of direct image scan and 
scan via at least one intermediate image. 

37. (New) The interferometric measuring device according to claim 33, wherein the 
rigid optics are arranged as a 4f configuration. 

38. (New) The interferometric measuring device according to claim 26, wherein the 
at least one intermediate image has the same linear magnification for all object 
points imaged in the at least one intermediate image. 

REMARKS 

This Preliminary Amendment cancels, without prejudice, claims 1 to 14 
in the underlying PCT Application No. PCT/DE0 1/0251 7. This Preliminary 
Amendment adds new claims 15 to 38. The new claims, inter alia , conform the 
claims to U.S. Patent and Trademark Office rules and do not add new matter to the 
application. 

In accordance with 37 C.F.R. § 1.121(b)(3), the Substitute 
Specification (including the Abstract, but without the claims) contains no new matter. 
The amendments reflected in the Substitute Specification (including Abstract) are to 
conform the Specification and Abstract to U.S. Patent and Trademark Office rules or 
to correct informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(iii) and 1.125(b)(2), 
a Marked-Up Version of the Substitute Specification comparing the Specification of 
record and the Substitute Specification also accompanies this Preliminary 
Amendment. Approval and entry of the Substitute Specification (including Abstract) 
is respectfully requested. 
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The underiying PCT Application No. PCT/DE01/02517 includes an 
International Search Report, dated November 7, 2001. a copy of which is included. 

It is respectfully submitted that the subject matter of the present 
application is new, non-obvious and useful. Prompt consideration and allowance of 
the application are respectfully requested. 

Respectfully submitted, 
KENYON & KENYON 

Dated: s]lh^ By: %^ ^. 0^^^^ 

Richard L. Mayer 

Reg. No. 22,490 

One Broadway 

New York, New York 10004 

(212)425-7200 
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INTERFEROMETRIC MEASURING DEVICE 
FIELD OF THE INVENTION 

The present invention relates to an interferometric measuring device for measuring 
the shape of the surface of an object, using a radiation source emitting 

5 short-coherent radiation. The present invention includes a beam splitter for forming 
an object beam directed to the object via an object light path and for forming a 
reference beam directed to a reflecting reference plane via a reference light path. 
The device also includes an image converter which picks up the radiation reflected 
from the surface and the reference plane and brought to interference, and sends it to 

10 an analyzing device for determining a measuring result pertaining to the surface, the 
optical length of the object light path being altered relative to the optical length of the 
reference light path. 

BACKGROUND INFORMATION 

15 

An interferometric measuring device of this type is described in German Published 
Patent Application No. 41 08 944 (where the scanning of an intermediate image 
given as an alternative in the present document is not mentioned). With this 
interferometric measuring device based on the measuring principle of white-light 

20 interferometry or short-coherence interferometry, a radiation source emits 

short-coherent radiation which is split by a beam splitter into an object beam which 
illuminates a measuring object and a reference beam which illuminates a reflective 
reference plane in the form of a reference mirror. To scan the object surface in the 
depth direction, the reference mirror is moved in the direction of the optical axis of 

25 the reference light path by a piezo control element. When the object light path 
corresponds to the reference light path, the maximum Interference contrast is 
obtained in the area of the coherence length and is detected by a photoelectric 
image converter and a downstream analyzing device and is analyzed on the basis 
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of the known deflection position of the reference mirror to determine the contour of 
the object surface. 

Additional interferometric measuring devices and interferometric measuring methods 
5 based on white-light interferometry are described by P. de Groot, L. Deck, "Surface 
profiling by analysis of white-light interferograms in the spatial frequency domain" J. 
Mod. Opt., Vol. 42, No. 2, 389-401, 1995 and Th. Dresel, G. Hausler, H. Venzke, 
"Three-dimensional sensing of rough surfaces by coherence radar." Appl. Opt., Vol 
31 no. 7, 919-925, 1992. 

10 

In German Patent Application No. 199 48 813 (not pre-published) such an 
interferometric measuring device based on white light interferometry is also shown, 
the lateral resolution being increased particulariy for measurement in narrow cavities 
by creating an intermediate image in the objective light path. German Patent 
15 Application No. 100 15 878.1 , likewise not published previously, proposes scanning 
of an intermediate image to increase the depth of focus, with a relatively high lateral 
resolution at the same time. 

There are problems with the current interferometric measuring devices and 
20 measuring methods if the measurement task requires scanning of several separated 
surfaces which are several millimeters apart, for example, and/or are oriented at an 
inclination to one another, 

SUMMARY OF THE INVENTION 

25 

An object of the present invention is to provide an interferometric measuring device 
with which at least two spatially separated surfaces may be measured with accurate 
and highly reproducible measurement results. 

30 This object is achieved by the present invention. According to the features of the 
present invention, superposition optics having multifocal optics or free segment 
optics are provided from various imaging elements in the object light path. 
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Simultaneously, using the superposition optics, an image may be created of at least 
one further surface in addition to the surface, which are imaged directly, or via at 
least one intermediate image in the object light path, on the image converter. The 
measurement of the surface and of the at least one further surface occurs 

5 accompanied by a relative change in the optical length of the object light path to the 
optical length of the reference light path (scan). Alternatively, in the object light path, 
imaging optics having a depth of focus of at least the optical path difference of the 
two surfaces is provided, which may be used to simultaneously produce an image, 
apart from that of the surface, of at least one further surface disposed in front of it or 

10 behind it and parallel to it, or of surfaces arranged at an angle or at right angles to 
one another via optical deflection elements, and this image is imaged via at least 
one intermediate image in the object light path on the image converter, and that the 
measurement of the surface and of the at least one further surface takes place 
accompanied by a relative change in the optical length of the object light path to the 

15 optical length of the reference light path. 

Using these techniques, exact measurement of the different surfaces is made 
possible, without renewed alignment of the object light path. For registering the 
reference maximum, the optical lengths of the reference light path and of the object 

20 light path are set one after the other in correspondence to the positions of the 

various surfaces. In this connection, the free-segment optics may be easily adapted, 
for example, even to surfaces placed at an angle to each another or surfaces lying 
opposite each other. Using the multifocal optics, and also using imaging optics 
having a depth of focus of at least the optical path difference of the two surfaces, 

25 surfaces may be measured which are far removed from each other and oriented 
differently to each other, and also, for example, their parallelism or surface 
evenness, thickness and diameter. 

Various other example embodiments also include the feature that the object light 
30 path for generating a common intermediate image of the surface and of the 

intermediate image of the additional surface(s) is formed in a common intermediate 
image plane in the object light path, and that the common intermediate image is 
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imaged on the image converter either directly or by way of at least one intermediate 
image. With at least one intermediate image, scanning an intermediate image is 
possible. Additionally an increased lateral resolution may be obtained. 

5 A measurement having lateral resolution, even in narrow cavities, may be achieved 
provided that the object light path is formed as an endoscope. 

To achieve accurate measurement results, an optical fiber is provided for 
illuminating the object with a planar wave, the fiber output on the object end may be 
10 situated in a telecentric imaging arrangement of the object light path, or that an 
illumination light path having additional lenses and deflector elements is formed. 

The measurement is made possible or further facilitated when the reference light 
path has optics similar or identical to that of the object light path, making it possible 
15 to produce the interference or optimize the interference contrast or compensate for 
optical effects of the components in the object light path. 

Options for easily measuring various surfaces, even in hard-to-reach places, are 
obtained when an optical system, that is rigid relative to the object, is situated in the 
20 object light path, and that the rigid optical system is followed by an optical system 
that is movable in the direction of its optical axis. 

A favorable design for the construction and handling is to have the rigid optics be a 
part of the superposition optics. 

25 

To achieve a measurement with respect to relative lateral movement of the object, 
the rigid optics may produce images toward infinity. 

Furthermore, the rigid optics may be designed as superposition optics, which are 
30 used to produce at least one intermediate image that is rigid relative to the object, 
and an objective optical system, designed as movable optics following behind the 
rigid intermediate image in the path of the beam, movable in the direction of its 
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optical axis for scanning the intermediate image which is normally aligned to this 
axis in the depth direction and is designed for imaging the same directly on the 
image converter or by way of one or more intermediate images. Due to the creation 
of the rigid intermediate image of the object surface situated, for example, in the 
5 object light path using the superposition optics in the object light path, the object 

surface to be measured is detectable with a relatively high lateral resolution, even in 
narrow channels or boreholes, and is evaluable with regard to the depth structure by 
using the image converter or the downstream analyzing device. The rigid 
intermediate image is scannable with relatively simple measures because only few 

10 optical components of the object light path need be moved for the depth scanning, 
the scanned depth of the rigid intermediate image, in each case, remains within the 
range of the depth of focus of the movable objective optics due to the depth 
scanning (depth scan). The object plane of the moving objective optics is moved 
through the rigid intermediate image, such that, for example, the interference peaks 

15 are analyzed in the area of the greatest depth of focus. 

The imaging quality and the accuracy of the analysis are such that the intermediate 
image has the same linear magnification for all object points imaged in the 
intermediate image. The design may be configured to allow the rigid optics to be 
20 formed as a 4f arrangement. 

With respect to the design of the rigid optics and the movable optics, German Patent 
Application No. 101 15 524 by the same applicant provides additional information. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of an interferometric measuring device according to 
the principle of white-light interferometry (short-coherence interferometry) having a 

free-segment optical system, the free-segment optical system being illustrated in two 
30 positions rotated by 90^ relative to each other. 
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Figure 2 is a further example embodiment of the interferometric measuring device, 
superposition optics having separated refracting elements in the object light path. 

Figure 3 is another example embodiment of an interferometric measuring device, 
5 wherein bifocal optics are situated in the object light path. 

Figure 4 is another example embodiment of an interferometric measuring device in 
which the radiation in the reference light path and in the object light path is guided 
by optical fibers. 

10 

Figure 5 is another example embodiment of the interferometric measuring device in 
which the radiation is guided in the object light path via an illumination light path 
having lenses and deflector elements. 

15 DETAILED DESCRIPTION 

Referring to Figure 1 , an interferometric measuring device based on the principle of 
white-light interferometry (short-coherence interferometry) has an object light path 
OW, a reference light path RW, an image converter BW having a downstream 

20 analyzing device. Interference occurs only in the area of the coherence length, 

permitting simple coordination of the optical path lengths of reference light path RW 
and object light path OW as well as, for example, detection of the interference peak. 
Radiation emitted by a short-coherent light source KL has a coherence length on an 
order of magnitude such as 10 pm. The radiation of short-coherent light source KL is 

25 split by a beam splitter ST into a reference beam, which is guided via reference light 
path RW, and an object beam, which is guided via object light path OW. A fourth 
and fifth lens L4, L5 are situated in the light path to image converter BW for imaging. 

The measurement is made possible or further facilitated such that the reference light 
30 path has optics similar or identical to that of the object light path, making it possible 
to produce the interferences or optimize the interference contrast or compensate for 
optical effects of the components in the object light path. 
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As a further feature, a superposition optics arrangement in the form of a free- 
segment optics FO is arranged in object light path OW, and is represented in the 
diagrams on the right-hand side in cross section (upper diagram), in a 0° view 
(middle diagram) and in a 90° view (lower diagram) in a state in which a valve boring 

5 BO is carried up to the vicinity of a valve seat VS. As an additional feature, 

superposition optics in the form of a free-segment optics FO is situated in object light 
path OW and shown in cross section (top diagram) in a 0° view in the illustration 
shown at the right (middle diagram) and in a 90^ view (bottom diagram) in a state in 
which it is guided into a valve bore BO in proximity to a valve seat VS. Several 

10 separate surfaces A, B of bore BO or of valve seat VS may be detected at the same 
time with free-segment optics FO and imaged in a common intermediate image ZW 
in an intermediate image plane in the object light path, which is perpendicular to a 
main optical axis of object light path OW. Free-segment optics FO has several light 
deflecting surfaces and imaging refracting elements and is adapted to the respective 

15 measurement requirements. In particular, surfaces A, B situated at different 

distances from common intermediate image ZW and also situated at an inclination to 
each other or opposite to each other may be detected and imaged in the common 
intermediate image ZW. 

20 Detecting the interference maxima corresponding to the two surfaces A, B occurs by 
changing reference light path RW corresponding to a scanning direction r. The 
moved unit is shown by dotted lines. 

Superposition optics situated in object light path OW has two collimated lenses, 
25 namely a first lens L1 and a second lens L2 having different focal lengths, which 
may have prism-shaped elements situated in front of them. The object light path is 
also designed for producing a telecentric image. Surfaces A, B situated parallel to 
one another and different distances apart, e.g., a few pm to more than 1 cm, and 
perpendicular to the main optical axis of object light path OW, are imaged in an 
30 intermediate image plane in the object light path with two lenses L1 and L2 in 

common intermediate image ZW composed of intermediate image ZA of surface A 
and intermediate image ZB of surface B. The focal lengths of first and second lenses 
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L1. L2 are given as F^, Fg. In addition, a third lens L3 for imaging is situated in the 
beam path of object light path OW. To record the interference peak, mirror SP is 
moved in the scanning direction r. 

5 Figure 3 illustrates an example embodiment of the interferometric measuring device 
in which, as opposed to Figure 2. instead of two lenses L1 , L2, a bifocal optics LB is 
situated, the optics properties corresponding approximately to those of the two 
lenses L1 , L2. 

10 In the example embodiment illustrated in Figure 4, additional lenses L6, L7 are 
introduced into the beam path of the object light path of bifocal optics LB on the 
object side. In addition, an optical fiber LL via which short-coherent radiation is 
conveyed from radiation source KL to illuminate surfaces A, B with a planar wave 
front via additional lens L7 is also situated in object light path OW. Corresponding 

15 lenses are also situated in reference light path RW for compensation and the 
radiation is also passed in the object light path via an optical fiber. 

In Figure 5, in comparison with Figure 4, optical fiber LL in object light path OW is 
replaced by an imaging light path LW having discrete additional lenses LZ1, LZ2 and 
20 deflector elements AE1 , AE2 to illuminate surfaces A, B with a planar wave. 
Additional lenses L6, L7 are not provided. 

Surfaces A, B that are spatially separated from one another may be measured at the 
same time using the interferometric measuring devices described above and special 
25 optics in the form of the superposition optics mentioned above. The distance apart, 
and/or thickness, parallelism and diameter of spatially separated surfaces A, B may 
be measured in this way. The spatially separated surfaces may be imaged on image 
converter BW directly or via a common intermediate image ZW in the object light 
path. 

30 
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Common intermediate image ZW may be imaged, directly or by way of one or more 
intermediate images in the object light path, on image converter BW. e.g.. a CCD 
camera. 

5 The design of the interferometric measuring device is implemented in the form of a 
Michelson interferometer, for example. Short-coherent radiation source KL may be, 
for example, a superluminescence diode or an LED. With illumination through the 
superposition optics, spatially separated surfaces A, B of the object are illuminated, 
in separate surfaces A, B are illuminated with almost planar waves. 

10 

The superposition optics in the form of free-segment optics FO may be composed, 
for example, of various individual lens systems which image different surfaces along 
different optical axes and with different optical path lengths in the common 
intermediate image plane. Free-segment optics FO may be implemented in the form 
15 of optical elements such as spherical lenses, aspherical lenses, rod lenses or Grin 
lenses or diffractive optical elements or prisms or mirrors, which may also be 
combined with one another. 

Instead of the design of superposition optics as a bifocal optics LB, multifocal optics 
20 may also be used if more surfaces are to be measured. The multifocal optics may be 
combined with another lens to form a telocentric arrangement, for example. 

For compensation of the optical path lengths and the dispersion in both arms of the 
interferometer, namely reference light path RW and object light path OW, the fiber 
25 lengths and geometries of the optical fibers used may be as identical as possible. 

The superposition optics may also be implemented approximately by optics having a 
great depth of focus or with an expanded depth of focus such as Axicon. 

30 In the case of multifocal optics or bifocal optics as the superposition optics, optics 
having only one focal plane may also be used for compensation in reference light 
path RW, as shown in Figure 3. 
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An image of surfaces A, B to be observed superimposed by the reference wave is 
produced on image converter BW. For data analysis, a change is produced in the 
path difference between the optical path lengths in the object light path and the 
reference light path (deep scan), the change caused by scanning movement r, for 

5 example. Various procedures may be provided to change the difference in path, 
e.g., movement of the reference mirror, movement of the object in the depth 
direction, movement of the objective in the depth direction, movement of the entire 
sensor relative to the object or intermediate image scanning according to German 
Patent Application No. 100 15 878 or a change in the optical path length due to 

10 acousto-optical modulators. 

An interference contrast occurs in the image of the object when the path difference 
in both interferometer arms is less than the coherence length. For obtaining the 3-D 
height profile, various methods are established. During depth scanning, the path 
15 difference is detected, for each image point (pixel), at which the highest fringe 
contrast occurs. 
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ABSTRACT OF THE DISCLOSURE 

An interferometric measuring device for measuring the shape of a surface of an 
object having a radiation source which emits a short-coherent radiation, a beam 
splitter for forming an object beam which is directed via an object light path to the 
5 object, and a reference beam which is directed via a reference light path to a 
reflective reference plane, and having an image converter which picks up the 
radiation reflected back by the surface and the reference plane and brought to 
interference, and sends it to an analyzing device for determining a measuring result 
pertaining to the surface, the optical length of the object light path being changed 
10 relative to the optical length of the reference light path for analyzing the interference 
peak. 
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INTERFEROMETRIC MEASURING DEVICE 
FIELD OF THE INVENTION 

The present invention relates to an interferometric measuring device for measuring 
the shape of the surface of an object, using a radiation source emitting 
short-coherent radiation[,] . The invention present includes a beam splitter for 
forming an object beam directed to the object via an object light path and for forming 

5 a reference beam directed to a reflecting reference plane via a reference light path[, 
and having] . The device also includes an image converter which picks up the 
radiation reflected from the surface and the reference plane and brought to 
interference, and sends it to an analyzing device for determining a measuring result 
pertaining to the surface, the optical length of the object light path being altered 

10 relative to the optical length of the reference light path. 

[Background InformationlBACKGROUND INFORMATION 

An interferometric measuring device of this type is described in German Published 
15 Patent Application No. 41 08 944[ A1] (where the scanning of an intermediate image 
given as an alternative in the present document is not mentioned). With this [known 
]interferometric measuring device based on the[ so-called] measuring principle of 
white-light interferometry or short-coherence interferometry, a radiation source emits 
short-coherent radiation which is split by a beam splitter into an object beam which 
20 illuminates a measuring object and a reference beam which illuminates a reflective 
reference plane in the form of a reference mirror. To scan the object surface in the 
depth direction, the reference mirror is moved in the direction of the optical axis of 
the reference light path by a piezo control element. When the object light path 
corresponds to the reference light path, the maximum interference contrast is 
25 obtained in the area of the coherence length and is detected by a photoelectric 
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image converter and a downstream analyzing device and is analyzed on the basis of 
the known deflection position of the reference mirror to determine the contour of the 
object surface. 

5 Additional [such ]interferometric measuring devices and interferometric measuring 
methods based on white-light interferometry are described by P. de Groot, L. Deck, 
"Surface profiling by analysis of white-light interferograms in the spatial frequency 
domain" J. Mod. Opt., Vol. 42, No. 2, 389-401, 1995 and Th. Dresel, G. Hausler, H. 
Venzke, "Three-dimensional sensing of rough surfaces by coherence radar," Appl. 

10 Opt. Vol 31 no. 7, 919-925, 1992. 

In German Patent Application No. 199 48 813 (not pre-published) such an 
interferometric measuring device based on white light interferometry is also shown, 
the lateral resolution being increased particularly for measurement in narrow cavities 
15 by creating an intermediate image in the objective light path. German Patent 

Application No, 100 15 878.1, likewise not published previously, proposes scanning 
of an intermediate image to increase the depth of focus, with a relatively high lateral 
resolution at the same time. 

20 There are problems with the [known] current interferometric measuring devices and 
measuring methods if the measurement task requires scanning of several separated 
surfaces which are several millimeters apart, for example, and/or are oriented at an 
inclination to one another. 

25 SUMMARY OF THE INVENTION 

[The] An object of the present invention is to provide an interferometric measuring 
device [of the type defined in the preamble ]with which at least two spatially 
separated surfaces may be measured with accurate and highly reproducible 
30 measurement results. 
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[Summary of the Invention] 

This object is achieved by the [features of Claims 1 and, alternatively. 31 present 
invention . According to [these]the features of the present invention , superposition 

5 optics having multifocal optics or free segment optics [is]are provided from various 
imaging elements in the object light path[; simultaneously] . Simultaneously , using 
the superposition optics, an image may be created of at least one further surface in 
addition to the surface, which are imaged directly, or via at least one intermediate 
image in the object light path, on the image converter[; and the] . The measurement 

10 of the surface and of the at least one further surface [takes placejoccurs 

accompanied by a relative change in the optical length of the object light path to the 
optical length of the reference light path (scan). Alternatively, in the object light path, 
imaging optics having a depth of focus of at least the optical path difference of the 
two surfaces is provided, which may be used to simultaneously produce an image. 

15 apart from that of the surface, of at least one further surface disposed in front of it or 
behind it and parallel to it, or of surfaces arranged at an angle or at right angles to 
one another via optical deflection elements, and this image is imaged via at least 
one intermediate image in the object light path on the image converter, and that the 
measurement of the surface and of the at least one further surface takes place 

20 accompanied by a relative change [in/]ln the optical length of the object light path to 
the optical length of the reference light path. 

Using these [measures] techniques . exact measurement of the different surfaces is 
made possible, without renewed alignment of the object light path. For registering 

25 the reference maximum, the optical lengths of the reference light path and of the 

object light path [merely have to bejare set one after the other in correspondence to 
the positions of the various surfaces. In this connection, the free-segment optics 
may be easily adapted, for example, even to surfaces placed at an angle to each 
another or surfaces lying opposite each other. Using the multifocal optics, and also 

30 using imaging optics having a depth of focus of at least the optical path difference of 
the two surfaces, surfaces may be measured which are far removed from each other 
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and oriented differently to each other, and also, for example, their parallelism or 
surface evenness, thickness and diameter. 

Various [favorablel other example embodiments also include the [fact] feature that 
5 the object light path for generating a common intermediate image of the surface and 
of the intermediate image of the additional surface(s) is formed in a common 
intermediate image plane in the object light path, and that the common intermediate 
image is imaged on the image converter either directly or by way of at least one 
intermediate image. With at least one intermediate image, [on the one hand, 
10 ]scanning an intermediate image is possible[, and on the other hand, so is 
obtaining] . Additionally an increased lateral resolution may be obtained . 

A measurement having [relatively great ]lateral resolution^ even in narrow cavities[ is 
easily conducted when it is] , may be achieved provided that the object light path is 
15 formed as an endoscope. 

To achieve accurate measurement results, [it is also advantageous that ]an optical 
fiber is provided for illuminating the object with a planar wave, [its] the fiber output on 
the object end [beinqj may be situated in a telecentric imaging arrangement of the 
20 object light path, or that an illumination light path having additional lenses and 
deflector elements is formed. 

The measurement is made possible or further facilitated [by the fact that] when the 
reference light path has optics similar or identical to that of the object light path, 
25 making it possible to produce the interference or optimize the interference contrast 
or compensate for optical effects of the components in the object light path. 

[Various optiQns] Options for easily measuring various surfaces^ even in 
hard-to-reach places^ are obtained [due to the fact that]when an optical system^, that 
30 is rigid relative to the object^ is situated in the object light path, and that the rigid 
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optical system is followed by an optical system that is movable in the direction of its 
optical axis. 

A favorable design for the construction and handling is to have the rigid optics be a 
5 part of the superposition optics. 

To achieve a [robust ]measurement with respect to relative lateral movement of the 
object, [it is advantageous for ]the rigid optics [tol mav produce images toward 
infinity. 

10 

Furthermore, [in accordance with one advantageous embodiment of the present 
invention, ]the rigid optics [is] may be designed as superposition optics, which [is]are 
used to produce at least one intermediate image that is rigid relative to the object, 
and an objective optical system^ designed as movable optics following behind the 

15 rigid intermediate image in the path of the beam[ Is]^ movable in the direction of its 
optical axis for scanning the intermediate image which is normally aligned to this 
axis in the depth direction and is designed for imaging the same directly on the 
image converter or by way of one or more intermediate images. Due to the creation 
of the rigid intermediate image of the object surface situated, for example, in the 

20 object light path using the superposition optics in the object light path, the object 

surface to be measured is detectable with a relatively high lateral resolution, even in 
narrow channels or boreholes, and is evaluable with regard to the depth structure by 
using the image converter or the downstream analyzing device. The rigid 
intermediate image is scannable with relatively simple measures because only few 

25 optical components of the object light path need be moved for the depth scanning, 
the scanned depth of the rigid intermediate image, in each case, [always 
remaininq] remains within the range of the depth of focus of the movable objective 
optics [since ]due to the depth scanning (depth scan)[, the] . The object plane of the 
moving objective optics is [likewise jmoved through the rigid intermediate image, 

30 [and in this way]such_that, for example, the interference peaks are analyzed in the 
area of the greatest depth of focus. 
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The imaging quality and the accuracy of the analysis are [favored by the factl such 
that the intermediate image has the same linear magnification for all object points 
imaged in the intermediate image. [In this connection, thel The design [can]may be 
[such thatl confiqured to allow the rigid optics [are] to be formed as a 4f 
5 arrangement. 

With respect to the design of the rigid optics and the movable optics, [we refer 
additionally to ]German Patent Application No. 101 15 524 by the same applicant 
provides additional Information, 

10 

[Brief Description of the Drawinosl BRIEF DESCRIPTION OF THE DRAWINGS 

[The present invention is elucidated in the following on the basis of exemplary 
embodiments, reference being made to the drawings. 

15 

The figures show:] 

[Fig.] Fi gure 1 is a schematic diagram of an interferometric measuring device 
according to the principle of white-light interferometry (short-coherence 
20 interferometry) having a free-segment optical system, the free-segment optical 
system being illustrated in two positions rotated by 90° relative to each other[,]. 

[Fig.] Figure 2 is a further [exemplary] exampie embodiment of the interferometric 
measuring device,[ a] superposition optics having separated refracting elements in 
25 the object light path[,]- 

f^igure 3 is another [exemplarvl example embodiment of an interferometric 
measuring device, wherein bifocal optics fbeinal are situated in the object light 
path[,]^ 

30 
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Figure 4 is another [exennplarv] example embodiment of an interferometric 
measuring device in which the radiation in the reference light path and in the object 
light path is guided by optical fibers[, and]^ 

5 Figure 5 is another [exemplarv] examp le embodiment of the interferometric 

measuring device in which the radiation is guided in the object light path via an 
illumination light path having lenses and deflector elements. 

[Description of the Exemplary Embodimentsl DETAILED DESCRIPTION 

10 

[As shown in] Referring to Figure 1 , an interferometric measuring device based on 
the principle of white-light interferometry (short-coherence interferometry) has an 
object light path OW, a reference light path RW, an image converter BW having a 
downstream analyzing device[, as is known per se and described in greater detail in 

15 the publications cited in the introduction as well as the literature named therein]. 

[This makes use of the fact that interference]lriterference occurs only in the area of 
the coherence length, [ thus] permitting simple coordination of the optical path 
lengths of reference light path RW and object light path OW as well as, for example, 
detection of the interference peak. [In this connection, radiation] Radiation emitted 

20 by a short-coherent light source KL has a coherence length on an order of 

magnitude such as 10 pm. The radiation of short-coherent light source KL is split by 
a beam splitter ST into a reference beam, which is guided via reference light path 
RW, and an object beam, which is guided via object light path OW. A fourth and fifth 
lens L4, L5 are situated in the light path to image converter BW for imaging. 

25 

The measurement is made possible or further facilitated [by the factjsuch that the 
reference light path has optics similar or identical to that of the object light path, 
making it possible to produce the interferences or optimize the interference contrast 
or compensate for optical effects of the components in the object light path. 
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As a further [special ]feature, a superposition optics arrangement in the form of a 
free-segment optics FO is arranged in object light path OW, and[ it] is represented in 
the diagrams on the right-hand side in cross section (upper diagram), in a 0° view 
(middle diagram) and in a 90° view (lower diagram) in a state in which a valve boring 
5 BO is carried up to the vicinity of a valve seat VS. As an additional [special ]feature, 
superposition optics in the form of a free-segment optics FO is situated in object light 
path OW and shown in cross section (top diagram) in a 0° view in the illustration 
shown at the right (middle diagram) and in a 90° view (bottom diagram) in a state in 
which it is guided into a valve bore BO in proximity to a valve seat VS. Several 

10 separate surfaces A. B of bore BO or of valve seat VS [can] may be detected at the 
same time with free-segment optics FO and imaged in a common intermediate 
image ZW in an intermediate image plane in the object light path, which is 
perpendicular to a main optical axis of object light path OW. Free-segment optics FO 
has several light deflecting surfaces and imaging refracting elements and is adapted 

15 to the respective measurement requirements. In particular, surfaces A, B situated at 
different distances from common intermediate image ZW and also situated at an 
inclination to each other or opposite to each other may be detected and imaged in 
the common intermediate image ZW, 

20 Detecting the interference maxima corresponding to the two surfaces A, B [takes 
placejoccurs by changing reference light path RW corresponding to a scanning 
direction r. The moved unit is shown by dotted lines. 

Superposition optics situated in object light path OW has two collimated lenses, 
25 namely a first lens L1 and a second lens L2 having different focal lengths, which 
may have prism-shaped elements situated in front of them. The object light path is 
also designed for producing a telocentric image. Surfaces A, B situated parallel to 
one another and different distances apart, e.g., a few pm to more than 1 cm, and 
perpendicular to the main optical axis of object light path OW^ are imaged in an 
30 intermediate image plane in the object light path with two lenses LI and L2 in 

common intermediate image ZW composed of intermediate image ZA of surface A 
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and intermediate image ZB of surface B. The focal lengths of first and second lenses 
L1, L2 are given as F^, Fg. In addition, a third lens L3 for imaging is situated in the 
beam path of object light path OW. To record the interference peak, mirror SP is 
moved in the scanning direction r. 

5 

Figure 3 illustrates an example embodiment of the interferometric measuring device 
in which, as opposed to Figure 2, instead of two lenses L1, L2, a bifocal optics LB is 
situated, [its] the optics properties corresponding approximately to those of the two 
lenses L1, L2. 

10 

In the [exemplary] example embodiment illustrated in Figure 4, additional lenses L6, 
L7 are introduced into the beam path of the object light path of bifocal optics LB on 
the object side. In addition, an optical fiber LL via which short-coherent radiation is 
conveyed from radiation source KL to illuminate surfaces A, B with a planar wave 
15 front via additional lens L7 is also situated in object light path OW. 

[Essentially,corresponding] Corresponding lenses are also situated in reference 
light path RW for compensation and the radiation is also passed in the object light 
path via an optical fiber. 

20 In Figure 5, in comparison with Figure 4, optical fiber LL in object light path OW is 

replaced by an imaging light path LW having discrete additional lenses LZ1, LZ2 and 
deflector elements AE1 , AE2 to illuminate surfaces A, B with a planar wave. 
Additional lenses L6, L7 are not provided[ here]. 

25 Surfaces A, B that are spatially separated from one another may be measured at the 
same time using the interferometric measuring devices described above and special 
optics in the form of the superposition optics mentioned above. The distance apart, 
and/or thickness, parallelism and diameter of spatially separated surfaces A, B 
[can] may be measured in this way. The spatially separated surfaces may be imaged 

30 on image converter BW directly or via a common intermediate image ZW in the 
object light path. 
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Common intermediate image ZW may be imaged, directly or by way of one or more 
intermediate images in the object light path, on image converter BW, e.g., a CCD 
camera. 

5 The design of the interferometric measuring device is implemented in the form of a 
Michelson interferometer, for example. Short-coherent radiation source KL may be, 
for example, a superluminescence diode or an LED. With illumination through the 
superposition optics, spatially separated surfaces A, B of the object are illuminated, 
in [which case it is advantageous to illuminate] separate surfaces A, B are 

10 illuminated with almost planar waves. 

The superposition optics in the form of free-segment optics FO may be composed, 
for example, of various individual lens systems which image different surfaces along 
different optical axes and with different optical path lengths in the common 
15 intermediate image plane. Free-segment optics FO may be implemented in the form 
of optical elements such as spherical lenses, aspherical lenses, rod lenses or Grin 
lenses or diffractive optical elements or prisms or mirrors, which may also be 
combined with one another. 

20 Instead of the design of superposition optics as a bifocal optics LB, multifocal optics 
may also be used if more surfaces are to be measured. The multifocal optics may be 
combined with another lens to form a telecentric arrangement, for example. 

For compensation of the optical path lengths and the dispersion in both arms of the 
25 interferometer, namely reference light path RW and object light path OW, the fiber 
lengths and geometries of the optical fibers used [should] may be as identical as 
possible. 

The superposition optics may also be implemented approximately by optics having a 
30 great depth of focus or with an expanded depth of focus such as Axicon. 
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In the case of multifocal optics or bifocal optics as the superposition optics, optics 
having only one focal plane may also be used for compensation in reference light 
path RW. as shown in Figure 3. 

5 An image of surfaces A, B to be observed superimposed by the reference wave is 
produced on image converter BW. For data analysis, a change is produced in the 
path difference between the optical path lengths in the object light path and the 
reference light path (deep scan), the change [being ]caused by scanning movement 
r, for example. [According to the related art, various] Various procedures may be 

10 provided to change the difference in path, e.g., movement of the reference mirror, 
movement of the object in the depth direction, movement of the objective in the 
depth direction, movement of the entire sensor relative to the object or intermediate 
image scanning according to German Patent Application No. 100 15 878 or a 
change in the optical path length due to acousto-optical modulators. 

15 

[A highjAn interference contrast occurs in the image of the object when the path 
difference in both interferometer arms is less than the coherence length. For 
obtaining the 3-D height profile, various methods [have becomejare established. 
[They are based on the fact that, during]During depth scanning, the path difference 
20 is detected, for each image point (pixel), at which the highest fringe contrast occurs. 
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[Abstract] 

ABSTRACT OF THE DISCLOSURE 

[The present invention relates to an] An interferometric nneasuring device for 
5 measuring the shape of a surface [(A) ]of an object [(BO)] having a radiation source[ 
(KL)] which emits a short-coherent radiation, a beam splitter[ (ST)] for forming an 
object beam which is directed via an object light path [(OW) ]to the object[ (BO)], 
and a reference beam which is directed via a reference light path [(RW) ]to a 
reflective reference plane[ (SP1)], and having an image converter[ (BW)] which picks 

10 up the radiation reflected back by the surface [(A) ]and the reference plane[ (SP1)] 
and brought to interference, and sends it to an analyzing device for determining a 
measuring result pertaining to the surface[ (A)], the optical length of the object light 
path[ (OW)] being changed relative to the optical length of the reference light path 
[(RW) ]for analyzing the interference peak.[ In the case of simple alignment, an 

15 accurate measurement of spatially separated surfaces is achieved by providing a 
superposition optics in the object light path (OW) having multifocal optics (LB) or a 
free-segment optics (FO) composed of various imaging elements; by being able to 
generate an image simultaneously of, apart from surface (A), also of at least one 
further surface (B), using the superposition optics, and this image is imaged on 

20 image converter (BW) directly or via at least one intermediate image; and by having 
the analysis of the interference maxima corresponding to surface (A) and the at least 
one further surface (B) take place with time-wise successive scanning.] 
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